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INTRODUCTI ON 
The  Surveillance  and  Standards  Section  has  the  responsibility  to 
plan  and  implement  statewide  monitoring  programs  of  which  long- 
term  background  water  quality  studies  are  an  integral  part. 
Data  from  such  studies  are  used  to  evaluate  the  water  quality  of 
high  priority  stream  reaches,  e.g.,  those  having  domestic  water 
supply  and  high  quality  coldwater  fishery  use  designations,  which 
might  have  existing  water  quality  problems,  or  are  expected  to 
receive  culturally  induced  stresses. 


In  the  past  century,  several  minor  and  one  major  mining  operation 
occurred  in  the  Upper  Pecos  River  watershed.   The  most  well  know 
was  the  old  Terrero  copper  mine  on  Willow  Creek  in  the  l880's. 
Early  finds  of  high-grade  ores  containing  zinc  and  lead  and 
subsequent  discoveries  of  high  grade  gold  and  silver  bearing  ores 
in  the  early  1900's  made  the  mine  one  of  the  better  multiple 
producers  in  the  country.   Ore-body  depletion  and  water  intrusion 
were  partially  responsible  for  abandonment  of  the  mine  and 
closure  of  the  mill,  12  miles  to  the  south,  in  the  late  1930's. 


New  reconnaisance  techniques  and  a  demand  for  metals  have  en- 
couraged, in  part,  the  present  mineral  exploration  in  the  upper 
Pecos  River  watershed. 


The  Conoco  Oil  Mining  Branch  has  been  conducting  deep  explora- 
tory drilling  on  the  west  side  of  the  watershed  near  the 
abandoned  low-producing  Jones  Mine  (Figure  l)  since  the  mid- 
1970's.   The  purpose  of  the  reconnaissance  survey  was  to  define 
the  location,  size,  and  composition  of  a  major  ore  body. 
Exploratory  drilling  was  on  a  random  pattern  rather  than  the 
standard  grid  pattern  since  the  ores  occur  in  folded  Precambrian 
granite.   Sulfides  of  zinc,  copper  and  lead  with  some  gold  and 
silver  have  been  found  in  very  high  concentrations.   No  informa- 
tion is  available  though  as  to  the  type  of  mining  proposed,  the 
location  of  the  mine,  mill,  and  disposal  sites,  or  if  and  when 
mining  would  take  place. 

The  purpose  of  this  EID-WPCB  monitoring  study  was  to  characterize 
background  water  quality  of  the  Pecos  River  and  some  of  its  major 
tributaries  upstream  from  the  town  of  Pecos  prior  to  any  potential 
major  environmental  disturbances,  such  as  the  development  of  a 
mining  and  milling  industry.   Maintenance  of  the  upper  Pecos 
River  watershed  in  its  present  condition  is  of  utmost  concern 
because  of  its  high  recreational  potential  as  a  relatively  un- 
spoiled environment.   Streams  in  this  watershed  are  indicative 
of  the  highest  category  of  protection  (designated  uses)  afforded 
New  Mexico  streams  by  the  Water  Quality  Control  Commission  as 
indicated  in  the"Water  Quality  Standards  for  Interstate  and 
Intrastate  Streams  in  New  Mexico"  WQCC  81-1;  June  k ,  1982). 
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The  designated  uses  and  standards  are: 

Section  2-200.   PECOS  RIVER  BASIN. 

2-214.   Cow  Creek  and  all  its  tributaries  and  the  main 

stem  of  the  Pecos  River  from  one  mile  below  the  Town  of 

Pecos  upstream  to  its  headwaters,  including  all  tribu- 
taries thereto. 

A.  Designated  Uses:   domestic  water  supply,  fish 
culture,  high  quality  coldwater  fishery,  irrigation, 
livestock  and  wildlife  watering,  and  secondary  contact 
rec  rea  t  i  on . 

B .  Standards: 

1.   In  any  single  sample:   un-ionized  ammonia 
(an  N)  shall  not  exceed  0.02  mg/1;  conductivity  shall 
be  less  than  300  umhos;  dissolved  oxygen  shall  be  greater 
than  6.0  mg/1  or  85%  of  saturation,  whichever  is  greater; 
total  inorganic  nitrogen  (as  N)  shall  be  less  than  1.0 
mg/1;  pH  shall  be  within  the  range  of  6.6  to  8.8; 
temperature  shall  be  less  than  20C  ( 6  8  F )  ;  total  chlorine 
residual  shall  be  less  than  0.002  mg/1;  total  organic 
carbon  shall  be  less  than  7  mg/1;  total  phosphorus  shall 
be  less  than  0.1  mg/1;  and  turbidity  shall  be  less  than 
10  FTU. 

2.   The  monthly  logarithmic  mean  of  fecal  coliform 
bacteria  shall  be  less  than  100/100  ml,  and  no  more  than 
10%  of  the  samples  shall  exceed  200/100  ml. 


STUDY  AREA  DESCRIPTION 


The  upper  Pecos  River  watershed  is  in  the  Santa  Fe  National 
Forest  in  San  Miguel  County  in  north  central  New  Mexico 
(Figure  1).   The  watershed  lies  essentially  east  of  a  major 
north-south  fault.   Headwater  streams  originate  on  the  slopes 
of  mountains  which  range  in  elevation  from  12,500  to  13,000  ft 
Western  Santa  Fe  Baldy  and  Lake  Peak  are  primarily  composed  of 
Precambrian  granite  while  northern  Pecos  Baldy,  Truchas  Peak, 
and  Jicarilla  Peak  are  Precambrian  quartzite.   At  upper 
elevations  some  Pleistocene  glaciation  occurred.   The  river 
beds  in  the  study  area  are  carboniferous  sandstone  and  lime- 
stone and  include  boulders  and  smaller  rocks  comprised  of 


granite  and  some  amphibolite  washed  down  from  higher 
e 1 eva t  ions. 

Precipitation  amounts  are  as  high  as  30-35  inches  per  year, 
half  coming  during  intense  localized  summer  thunder  storms 
at  higher  elevations.   Up  to  60  inches  of  snow  can  accumulate 
during  winter  months. 

Pinon,  juniper,  and  cottonwoods  are  the  dominant  forest 

vegetation  at  lower  elevations  but  this  changes  gradually 

upstream  to  ponderosa  pine,  spruce,  and  fir  with  some  cotton- 
woods  along  the  stream  course. 


STUDY  SITES 

Water  quality  collection  sites  were  established  at  six  locations 
with  perennial  stream  flows  and  two  locations  with  ephemeral 
stream  flows  (Table  1,  Figure  1).  Sites  were  established  to 
characterize  Pecos  River  water  quality:  above  and  below  the 
potential  impact  area  -  Nos.  1  and  8,  respectively;  above, 
within,  and  below  impact  areas  on  tributary  streams  -  Nos.  2, 
3,  ^,  and  6,  respectively;  within  an  old  spoil-mining  area  - 
No.  7;  and  m i d -wa t e r s hed  downstream  from  an  old  spoil  mining 
a  rea-  No .  5 • 

Additional  background  water  quality  and  quantity  data  are 
provided  by  a  U.S.  Geological  Survey  hydrologic  bench-mark 
station  established  in  1962  at  the  mouth  of  Rio  Mora  Creek 
one  and  one-half  miles  above  the  study  area  and  a  USGS  dis- 
charge gage  located  on  the  Pecos  River  near  study  site  No.  5. 


Table  1.   Sample  Sites  in  the  Upper  Pecos  River  Watershed 


No  •     Location  Elevat  ion  Flow 

1 .  Pecos  River 

at  Monastery  Lake  7000'  perennial 

2.  Dal  ton  Creek 

upstream  from  Pecos  River       72*t0'  ephemeral 

3-     Macho  Creek 

upstream  from  Pecos  River       7360'  ephemeral 

k.  Indian  Creek 

upstream  from  Pecos  River       755V  perennial 

5-     Pecos  River 

upstream  from  Indian  Creek      755V  perennial 

6.     Holy  Ghost 

upstream  from  Pecos  River       7656'  perennial 

7 •     Wi 1  low  Creek 

upstream  from  Pecos  River       7800'  perennial 

8.     Pecos  River 

upstream  from  Willow  Creek      7800'  perennial 


Also,  a  small  water  quality  study  was  initiated  by  the  Santa 
Fe  National  Forest  Regional  Office  in  the  mid  1970' s  and  the 
U.S.  Geological  Survey  and  Bureau  of  Mines  recently  completed 
a  m i nera 1 i zat i on -wa te r  quality  study  of  the  upper  watershed 
in  the  late  1970's  (Harry  Severtson,  personal  comm.). 

METHODS  AND  MATERIALS 

Three  one-liter  samples  of  water  were  collected  at  each  site. 
One  unpreserved  and  two  preserved  samples  (one  with  2  ml 
concentrated  H2S0jj  and  the  other  with  5  ml  of  concentrated 
HNO3)  were  stored  on  ice  and  sent  to  the  New  Mexico  State 
Laboratory  Division  in  Albuquerque  for  analysis  of  29  water 
quality  parameters.   Basic  water  chemistry  data  were  obtained 
on  site  (pH,  temperature,  and  conductivity).   A  sample  of 
water  was  fixed  for  dissolved  oxygen  analysis  and  percent 
dissolved  oxygen  concentration  was  calculated  in  the  laboratory. 
All  methods  of  collection  and  analysis  followed  procedures  re- 
commended by  the  USEPA  (1979)  and  Standard  Methods  (APHA  1975). 


Water  samples  were  collected  three  to  10  times  throughout  the 
year  commencing  on  October  30,  1980  and  continued  at  approximately 
6-week  intervals  until  November  2k,     1981.   At  some  sites,  one 
or  two  early  sets  of  samples  were  analyzed  for  dissolved  elements 
but  analyses  were  later  changed  to  total  concentration.   Measure- 
ments of  total  concentrations  are  consistent  with  the  State's 
approach  in  establishing  water  quality  standards. 

Ten  replicate  samples  of  benthic  mac ro i n ve rteb ra tes  were  quanti- 
tatively collected  at  sites  Nos .  1  and  8.   These  have  not  been 


analyzed  but  should  further  document  the  high  quality  status 
given  to  the  upper  Pecos  River  watershed.  A  separate  report 
should  be  completed  in  1983- 

RESULTS  AND  DISCUSSION 

A  cursory  analysis  of  water  quality  data  from  all  sites 
indicate  these  streams  are  cold,  slightly  alkaline  and  of 
medium  hardness,  with  high  dissolved  oxygen  and  low  amounts 
of  total  chemical  constituents   (Table  2).   Water  quality  for 
most  parameters  was  generally  well  below  stream  standards  at 
all  sites.   Stream  standards  for  total  phosphorus  were  exceeded 
infrequently.   Values  greater  than  0.1  mg/1  for  total  phos- 
phorus were  observed  on  June  26,  1981  at  all  sites  except  Pecos 
River  No.  5-   Water  temperatures  on  this  date  at  all  sites  were 
also  the  highest  recorded  during  the  survey;  up  to  l8°C  at 
Indian  Creek  (No. 4).   Total  phosphorus  reached  0.13  mg/1  in 
Macho  Creek  (No. 3)  on  October  7,  1981. 


Construction  of  a  new  road  in  the  Indian  Creek  watershed  and 
resulting  erosion  probably  contributed  to  high  values  for 
total  Kjeldahl  nitrogen,  total  phosphorus,  total  non-filterable 
residue,  calcium,  and  total  bicarbonate  at  the  Indian  Creek 
site  (No. h) .       High  values  for  conductivity,  total  Kjeldahl 
nitrogen,  nitrate  and  nitrite  nitrogen,  dissolved  residue, 
calcium,  and  bicarbonate  were  present  in  Willow  Creek  (No. 7) 
within  the  old  Terrero  mine  site.   Chemical  dissolution  and 
particle  transport  after  soil  and  rock  have  been  exposed  may 
have  contributed  to  elevated  values  (Buckman  and  Brady  I960; 
Hem  1970) . 

8 


Water  quality  values  for  most  heavy  metals,  e.g.,  arsenic, 
selenium,  mercury,  boron,  cadmium,  etc.,  were  low  or  below 
the  laboratory  detection  limit  for  the  particular  parameter. 
Total  concentrations  were  well  below  values  recommended  for 
the  protection  of  domestic  water  supplies  and  freshwater 
aquatic  life  (USEPA   1976;  QCW  and  USEPA   1 980 ;  k5    FR,  79318) 
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>s  River  upstream  from  Willow  Creek;  San  Miguel  Co.,  New  Mexico 

Station  1 
inuary  1981 


Ql 

Q2 

Q3 

Q4 

Q5 

Total 

#/m2 

log  X 

TQ 

log  x*TQ 

JOPTERA  -  stoneflies 

linemura    banks ii 

3 

0 

0 

0 

2 

5 

17 

1.230 

6 

7.  38 

lia   confusa 

1 

1 

2 

0 

0 

4 

14 

1.146 

32 

36.68 

lionema 

0 

3 

2 

4 

0 

9 

31 

1.491 

48 

71.59 

:tridae 

4 

0 

3 

1 

5 

13 

44 

1  .643 

18 

29.58 

"onarcella    badia 

0 

0 

1 

0 

2 

3 

10 

1.000 

24 

24.00 

tus   aestivalis 

1 

0 

1 

1 

0 

3 

10 

1.000 

12 

12.00 

?erla 

0 

0 

2 

0 

0 

2 

7 

0.845 

48 

40.56 

illia 

1 

2 

1 

0 

0 

4 

14 

1.146 

24 

27.51 

issenia    sabulosa 

9 

2 

9 

4 

12 

36 

122 

2.086 

6 

12.52 

^eroperla    pacifica 

1 

1 

0 

2 

1 

5 

17 

1.230 

18 

22.15 

:MEROPTERA  -  mayflies 

tis    tricaudatus 

5 

9 

10 

11 

15 

50 

170 

2.230 

72 

160.59 

^hrogena 

25 

32 

41 

32 

61 

191 

649 

2.812 

21 

59.06 

irus 

7 

2 

5 

3 

4 

21 

71 

1.851 

21 

38.88 

lella   grand is 

0 

0 

2 

0 

2 

4 

14 

1.146 

24 

27.51 

tella   doddsi 

6 

21 

5 

20 

17 

69 

235 

2.371 

4 

9.48 

imerella    infrequens 

17 

9 

7 

4 

8 

45 

153 

2.185 

48 

104,87 

IHOPTERA  -  caddisflies 

icophila    acropedes 

4 

1 

0 

1 

1 

7 

24 

1.380 

18 

24.84 

icophila    valuma 

0 

0 

0 

0 

2 

2 

7 

0.845 

18 

15.21 

icophila    coloradensis 

1 

4 

1 

0 

0 

6 

20 

1.301 

18 

23.42 

iso  soma 

14 

9 

9 

4 

2 

38 

129 

2.111 

24 

50.65 

'opsyche    oslari 

18 

15 

7 

5 

28 

73 

248 

2.394 

108 

258.60 

opsyche    grandis 

0 

0 

0 

1 

2 

3 

10 

1.000 

18 

18.00 

'ophlebodes 

5 

9 

0 

0 

7 

21 

71 

1.851 

24 

44.43 

■hycentrus 

8 

5 

5 

6 

11 

35 

119 

2.076 

24 

49.81 

asema 

43 

10 

39 

6 

46 

144 

490 

2.690 

24 

64.56 

ERA  -  true  flies 

anota 

3 

0 

0 

0 

0 

3 

10 

1  .000 

24 

24.00 

coma 

29 

23 

26 

6 

51 

135 

459 

2.662 

36 

95.83 

ocephala    granais 

0 

0 

0 

0 

5 

5 

17 

1.230 

2 

2.46 

enia 

1 

1 

1 

0 

4 

7 

24 

1.380 

108 

149.06 

otopus 

1 

0 

1 

1 

1 

4 

14 

1.146 

108 

123.78 

ospectra 

0 

0 

0 

1 

3 

4 

14 

1.146 

108 

123.78 

phaenocladi us 

5 

7 

4 

5 

0 

21 

71 

1.851 

108 

199.94 

ia 

1 

0 

1 

1 

1 

4 

14 

1.  146 

108 

123.78 

■rix    pachypus 

1 

6 

4 

9 

10 

30 

102 

2.009 

24 

48.21 

:DPTERA  -  beetles 

iraphia 

0 

1 

0 

0 

0 

1 

3 

0.477 

108 

51.53 

irlimnius    corvu Lentus 

1 

5 

0 

1 

1 

8 

27 

1.431 

108 

154.59 

UOPODA  -  other  arthropods 
'  icarina  A  -  mites  1 


10 


34   1.531   108   165.40 


i  s 


3485  58.074  1652  2496.24 


f  •  Taxa 


'■    sitv  Index 


37 
50 

44.6 
43 

116.32 
t  .03 


Stream  gradient  (%  slope):      1.3  -  3.0 
Substrate  ( composition ): rubble/boulder/leaf  litter 
Sulfate  (mg/1  S04 ) :  <  149 

Total  Alkalinity  (mg/1  CaC03 ) :  <  199 


Pecos  River  upstream  from  Willow  Creek;  San  Miguel  Co.,  New  Mexico 

Station  1 
24  February  81 


PLECOPTERA  -  stoneflies 

Capnia   confusa 

Taenionema 

Leuctridae 

Pteronarcella    badia 

Isoperla 

Suwallia 

Claassenia    sabulosa 

Hesperoperla    pacifica 


Ql   Q2   Q3   Q4   Q5  Total  #/m2   log  x   TQ    log  r*T« 


2 
0 
2 
0 

0 

1 

0 
0 


7 
3 
26 
1 
4 
6 
9 
4 


24 
10 
88 
3 
14 
20 
31 
14 


1.380 
1.000 
1  .944 
0.477 
1.  146 
1  .301 
1.491 
1.146 


32 
48 
18 
24 
48 
24 
6 
18 


44.17 
48.  CV 

35.00 
11  .45 
55  .  u  i 

8.  95 
20. bo 


EPHEMEROPTERA  -  mayflies 

Baetis    tricaudatus  9  23  14  10  14  70  238  2.377  72  171. I1 

Rhithrogena  29  56  55  32  51  223  758  2.880  21  60.4 i 

Epeorus  12  9  15  15  11  62  211  2.324  21  48.J;1 

Drunella   grandis  0  0  0  1  0  1  3  0.477  24  11.*  5 

Drunella   doddsi  3  12  4  3  8  30  102  2.009  4  8.0'. 

Ephemerella    infrequens  3  9  10  7  8  37  126  2.100  48  100. r  ■ 

TRICHOPTERA  -  caddisflies 

Rhyacophila    valuma  0  0  0  10  1  3  0.477  18  8.59 

Glossosoma  5  2  0  17  3  27  92  1.964  24  47.13 

Hydropsyche    oslari  3  28  2  3  9  45  153  2.185  108  235.95 

Arctopsyche    grandis  0  0  10  0  1  3  0.477  18  8.59 

Oligophlebodes  1  2  9  0  0  12  41  1.613  24  38.71 

Brachycentrus  09404  17  58  1.763  24  42.  Z'l 

Micrasema  6  15  57  15  14  107  364  2.561  24  61.  -J 


DIPTERA  -  true  flies  0  10  0  0  1 

Pericoma  5  17  20  8  10  60 

Bibiocephala    grand  is  0  2  0  0  0  2 

Simuliidae  0  10  0  0  1 

Tvetenia  0  3  1  5  3  12 

Cricotopus  10  10  1  3 

Microspectra  13  0  0  0  4 

Paraphaenocladius  2  8  0  1  3  14 

Bezzia  0  1  3  0  0  4 

Atherix   pachypus  3  11  9  4  2  29 

Hemerodromia  0  0  110  2 

COLEOPTERA  -  beetles 

Meter limnius    corpuientus  0  0  2  0  7  9 

ARTHROPODA  -  other  arthropods 


Hydracarina 

A  - 

mites 

Totals 

Total  Taxa 

34 

CTQp 

50 

CTQa 

49.  1 

CTQd 

48.1 

BCI 

104.03 

Diversity  index 

3.81 

3 
204 

7 

3 
41 
10 
14 
^8 
14 
99 

7 


31 


0.477 
2.310 
0.845 
0.477 


613 
000 
146 
681 
146 
996 
845 


0 
36 

2 
108 
108 
108 
108 
108 
108 
24 
95 


0 
83 

1 

51 

174 

108 

123 

181 

123 

47 

80 


C  0 

1  o 
b>J 

o.i 
13 


1.491   108   161.1, 


20   1.301   108   140... 
2857  49.421  1669  2375.... 


Stream  gradient  (%  slope):       1.3  -  3.0 
Substrate  ( composition ): rubbl e/boulder/leaf  littti 
Sulfate  (mg/1  S04 ) :  <  149 

Total  Alkalinity  (mg/1  CaC03 ) :  <  199 


Pecos  River  upstream  from  Willow  Creek;  San  Miguel  Co.,  New  Mexico 

Station  1 
8  April  1981 


PLECOPTERA  -  stoneflies 

Amphinemura   banks ii 

Capnia   confusa 

Taenionema 

Leuctridae 

Pteronarcella    badia 

Isoperla 

Suwallia 

Claassenia   sabulosa 


Ql   Q2   Q3   Q4   Q5  Total  #/m2   log  x   TQ    log  x*TQ 


1 
10 

5 
12 
2 
4 
2 
14 


3 
34 
17 
41 

7 
14 

7 


0.477 
1.531 
1.230 
1.613 
0.845 
1.146 
0.845 


6 
32 
48 
18 
24 
48 
24 


48   1.681 


2.86 
49.01 
59.06 
29.03 
20.28 
55.01 
20.28 
10.09 


EPHEMEROPTERA  -  mayflies 

Ameletus  0  0  0  0  3  3  10  1.000  48  48.00 

Baetis    tricaudatus  13  31  25  28  10  107  364  2.561  72  184.40 

Rhithrozena  46  39  24  42  17  168  571  2.757  21  57.89 

Epeorus  20  17  20  12  6  75  255  2.407  21  50.54 

Paraleptophlebia  0  110  1  3  10  1.000  24  24.00 

Drunella   doddsi  2  6  0  6  6  20  68  1.833  4  7.33 

Ephemerella    infrequens  6  6  6  5  5  28  95  1.978  48  94.93 


TRICHOPTERA  -  caddisf lies 
Rhyacophila   acropedes 
RhyacoDhila    valuma 
Rhyacophila    coloradensis 
Glossosoma 
Hydropsyche    oslari 
Arctopsyche    <*randis 
Oligophlebodes 
Brachycen t rus 
Micrasema 


0 
1 
0 
0 
1 
1 
10 
14 


0 
0 
0 
0 
6 
3 
16 
14 


0 
0 
1 
4 
2 
0 
13 
6 


0 
2 
0 
1 
1 
0 
12 
3 


1 

3 

1 

12 

11 

4 

55 

42 


64   96   45   26   46   277 


10 

3 

41 

37 

14 

187 

143 

942 


0.477 
1.000 
0.477 
1.613 
1.568 
1.146 
2.272 
2.155 
2.974 


18 
18 
18 
24 
108 
18 
24 
24 
24 


8.59 
18.00 

8.59 
38.71 
169.37 
20.63 
54.52 
51.73 
71.38 


DIPTERA  -  true  flies 

Ant.ocha    mont  icola 

Pericoma 

Chironomidae  D 

Tveten  j  a 

CricotODus 

Mi  crosvec  t  r.i 

Paravtiaenociaili  us 

Bezzia 

At  her ix    oachvpus 

CTiei i  fera 


1 

11 

0 


4 

1  1 

2  3 
0    0 


0 

14 
1 
3 
0 
9 
3 
1 
7 
2 


2 
49 

1 
13 

4 
13 
19 

4 
18 

3 


7 
167 

3 
44 
14 
44 
65 
14 
61 
10 


0.845 
2.223 
0.477 
1  .643 
1.146 
1  .643 
1.813 
1.146 
]  .785 


1  .000 


24 

36 

108 

108 

108 

108 

108 

108 

24 

95 


20.28 

80.02 

51.53 

177.49 

123.78 

177.49 

195.79 

123.78 

42.85 

95.00 


COLEOPTERA  -  beetles 

DubiraDtiia 

Heten imnius    corpulentus 


14 
27 


1.  146 
1.431 


108 
108 


123.78 
154.59 


ASCHELM1NTHES 
Mematoda 


0.477   108 


51.53 


ARTHROPODA  -  other  arthropods 

Hvdracarina  A  -  mites 


20   1.301   108   140.51 


Totals 

Total  Taxa 

38 

CTOp 

50 

CTOa 

52.  1 

CTOd 

49.6 

BCI 

100.76 

Diversity- 

Index 

3.71 

3417  54.664  1979  2712.65 


Stream  gradient  (%    slope):      1.3  -  3.0 
Substrate  ( composition ): rubble/boulder/leaf  litter 
Sulfate  (mg/1  S04 ) :  <  149 

Total  Alkalinity  (mg/1  CaC03 ) :  <  199 


Pecos  River  upstream  from  Willow  Creek;  San  Miguel  Co.,  New  Mexico 

Station  1 


PLECOPTERA  -  stoneflies 

Capri  i  a 

Leuctridae 

Suwallia 

Claassenia   sabulosa 

EPHEMEROPTERA  -  mayflies 
Baetis    tricaudatus 
Rhi throgena 
Epeorus 

Paraleptophlebia 
Drunella   grand is 
Drunella   doddsi 
Ephemerella    infrequens 

TRICHOPTERA  -  caddisflies 

Rhyacophila    valuma 

Glossosoma 

Hydropsyche    oslari 

Oligophlebodes 

Psychoronia 

Brachycentrus 

Mi  crasema 

DIPTERA  -  true  flies 

Dicranota 

Tipula 

Pericoma 

Simuliidae 

Chironomidae  D 

Cricotopus 

Mi  crospec t ra 

Paraphaenociadius 

Bezzia 

Atherix   pachypus 

COLEOPTERA  -  beetles 

Dubiraphia 

Heterlimnius    corpulentus 

ANNELIDA  -  segmented  worms 
Lumbricidae 


19  May  19 
Ql   Q2   Q3   Q4   Q5  Total  #/m2   log  x   TQ    log  x* 


0 

0 

1 

0 

0 

1 

3 

0.477 

32 

15.2 

1 

2 

0 

1 

0 

4 

14 

1.146 

18 

20. e: 

0 

3 

2 

4 

2 

11 

37 

1.568 

24 

37.6' 

2 

2 

3 

1 

4 

12 

41 

1.613 

6 

9.6! 

10 

8 

3 

8 

4 

33 

112 

2.049 

72 

147.5' 

9 

17 

19 

12 

12 

69 

235 

2.371 

21 

49.7: 

28 

8 

13 

10 

14 

73 

248 

2.394 

21 

50.  ■< 

0 

2 

1 

0 

0 

3 

10 

1  .000 

24 

24  .01 

1 

1 

6 

0 

0 

8 

27 

1.431 

24 

34.,,: 

1 

5 

0 

3 

0 

9 

31 

1  .491 

4 

5.H] 

5 

7 

6 

12 

7 

37 

126 

2.100 

48 

100. h: 

1 

1 

0 

0 

0 

2 

7 

0.845 

18 

15.  L. 

3 

2 

1 

1 

1 

8 

27 

1.431 

24 

34.;;; 

7 

6 

2 

4 

2 

21 

71 

1.851 

108 

199.  C 

11 

5 

5 

1 

0 

22 

75 

1.875 

24 

45.-  < 

0 

0 

6 

0 

0 

6 

20 

1.301 

24 

31./ 

71 

39 

12 

5 

12 

139 

473 

2.675 

24 

64.:.- 

22 

56 

37 

43 

51 

209 

711 

2.852 

24 

68.*^ 

1 

2 

0 

0 

0 

3 

10 

1.000 

24 

24.0 

1 

4 

2 

1 

1 

9 

31 

1.491 

36 

53.  6 

3 

3 

2 

0 

4 

12 

41 

1.613 

36 

58.  Or 

0 

2 

0 

1 

0 

3 

10 

1  .000 

108 

108.  uj 

10 

4 

i 

1 

0 

16 

54 

1.732 

108 

187.  1'. 

0 

0 

0 

2 

12 

14 

48 

1  .681 

108 

181..^" 

0 

2 

3 

3 

1 

9 

31 

1.491 

108 

161.(1 

2 

11 

9 

1 

1 

24 

82 

1  .914 

108 

206.  til 

0 

2 

2 

0 

3 

7 

24 

1.380 

108 

149. Or 

4 

4 

6 

4 

2 

20 

68 

1  .833 

24 

43.91 

7 

2 

7 

5 

v 

23 

78 

1.892 

108 

204.  J 

2 

3 

1 

0 

1 

7 

24 

1  .380 

108 

149.  u( 

1 

0 

2 

0 

1 

4 

14 

1.  146 

108 

123. ; 

ARTHROPOD A 


other  arthropods 


Hydracarina  A  -  mites 


10   1.000   108   108.r 


NEMATOMORPHA  - 

Goi 

rdian 

Gordius 

Totals 

Total  Taxa 

3  3 

CTQp 

50 

CTQa 

56 

CTQd 

53.7 

BCI 

93.16 

Diversity  Index 

3.85 

3   0.477   108    51..;. 
2796  51.504  1848  2764.,:! 


Stream  gradient  (%  slope):      1.3  -  3.0 
Substrate  ( composition ): rubble/boulder/leaf  litt  i 
Sulfate  (mg/1  S04 ) :  <  149 

Total  Alkalinity  (mg/1  CaC03 ) :  <  199 


as  River  upstream  from  Willow  Creek;  San  Miguel  Co. ,  New  Mexico 

Station  1 
June  1981 


UOPTERA  -  stoneflies 

stridae 

ronarcella    badia 

zllia 

assenia    sabulosa 

2MER0PTERA    -    mayflies 

tis    tricaudatus 

tis    insignificans 

throgena 

jrus 

ileptophlebia 

lella   doddsi 

imerella    infrequens 


Ql      Q2      Q3      Q4      Q5    Total    #/m2      log   x      TQ         log    x*TQ 


0 
0 

1 
1 


1 
6 
3 
2 
0 
2 
0 


2 
6 
10 
0 
1 
1 
5 


3 
7 
15 
2 
2 
0 
3 


3 
1 
11 
4 
4 
1 
2 


2 
2 
9 
7 
0 
5 
0 


D 

5 

9 

14 


11 
22 
48 
15 
7 
9 
10 


17 
17 
31 
48 


37 
75 
163 
51 
24 
31 
34 


1.230 
1.230 
1.491 
1  .681 


1.568 
1.875 
2.212 
1.708 
1.380 
1  .491 
1.531 


18 

24 

24 

6 


72 
72 
21 
21 
24 
4 
48 


22.15 
29. 5J 
35.79 
10.09 


112.91 

135.00 

46.46 

35.86 

1C 

97 


33 
5 

73.  5  J 


JHOPTERA    -    caddisflies 
isosoma 

-opsyche    oslari 
fophlebodes 

shoronia 

thycentrus 

*asema 


4 
5 

0 
0 
3 


2 
25 

0 

0 

14 


8 
32 

1 
1 

23 


27 

109 

3 

3 

78 


17  101  117   61   60  .356   1210 


1.431 
2.037 
0.477 
0.477 
1.892 
3.083 


24 
108 
24 
24 
24 
24 


34.;.- 

220.()i 


11 
11 


4  :; 
4f) 


45.41 
73.99 


ERA  -  true  flies 
cha   monticola 
'anota 

rusia   grand is 
efferiella 
enia 
otopus 
ospectra 
ladius 

phaenocladius 
rix  pachypus 
i  i  fera 


0 
0 
0 
0 
6 
0 
0 

1 

0 
3 
1 


6 
1 
1 
28 
1 
1 
0 
0 
3 
3 
0 


0 
0 
0 
7 
1 
20 
3 
0 
1 
2 
0 


0 
0 
0 
15 
4 
0 
2 
0 
0 
1 
0 


0 
0 

0 
8 
2 
0 
0 
0 
0 

1 

0 


6 

1 

1 

58 

14 

21 

5 

1 

4 

10 

1 


20 

3 

3 

197 

48 

71 

17 

3 

14 

34 

3 


1 
0 
0 
2 
1 
1 
1 
0 
1 
1 
0 


301 
477 
477 
294 
681 
851 
230 
477 
146 
531 
477 


24 

24 

72 

108 

108 

108 

108 

108 

108 

24 

95 


31 

11 

34 

247 

181 

199 

132 

51 

123 

36 

45 


4  b 

35 
80 
57 
94 
89 

5  3 

7:5 

7  c: 


iDPTERA  -  beetles 

iraphia  0    0    2    0    1     3     10   1.000   108   108.00 

irlimnius   corpulentus  6    3    4    5    3    21     71   1.851   108   199.9  : 


UOPODA  -  other  arthropods 
'icarina  A  -  mites  1 


0    0 


0    0 


3   0.4  77   108 


51.53 


US 


2455  43.070  1773  2393. i 


i  -    Taxa 

31 

> 

50 

i 

57.2 

1 

55.6 

89.99 

-  'sity    Index 

3.12 

Stream  gradient  (%  slope): 
Substrate  (composition): 
Sulfate  (mg/1  S04 ) : 
Total  Alkalinity  (mg/1  CaC03 ) 


1.3  -  3.0 
rubble /boulder 

<  149 

<  199 


Pecos  River  upstream  from  Willow  Creek;  San  Miguel  Co.,  New  Mexico 

Station  1 
13  August  1981 


Ql   Q2   Q3   Q4   Q5  Total  #/m2   log  x   TQ 


PLECOPTERA  -  stoneflies 

Cult  us   aestivalis 

Isoperla 

Suwallia 

Claassenia    sabulosa 

EPHEMEROPTERA  -  mayflies 

Ameletus 

Baetis    tricaudatus 

Rhi throgena 

Epeorus 

Paraleptophlebia 

Drunella   grand is 

Drunella   doddsi 

Ephemerella    infrequens 

TRICHOPTERA  -  caddisf lies 

Glossosoma 

Hydropsych e    oslari 

Brachycentrus 

Micrasema 


DIPTERA  -  true  flies 

Tipula 

Simuliidae 

Tvetenia 

Cricotopus 

Mi  crospec t ra 

Bezzia 

Atherix   pachypus 


COLEOPTERA  -  beetles 

Helichus 

Dubiraphia 

Heterlimnius    cornulentus 


1 

0 

0 

0 

1 

2 

7 

0.845 

12 

10 

0 

1 

0 

0 

0 

1 

3 

0.477 

48 

22 

1 

4 

1 

1 

0 

7 

24 

1.380 

24 

33 

1 

1 

2 

0 

0 

4 

14 

1  .146 

6 

6 

1 

0 

1 

0 

3 

5 

17 

1.230 

48 

59 

10 

25 

5 

18 

17 

75 

255 

2.407 

72 

173 

7 

6 

22 

5 

5 

45 

153 

2.  185 

21 

45 

2 

4 

6 

2 

5 

19 

65 

1  .813 

21 

38 

0 

1 

0 

0 

0 

1 

3 

0.477 

24 

11 

8 

2 

0 

2 

2 

14 

48 

1.681 

24 

40 

0 

0 

0 

2 

2 

4 

14 

1.146 

4 

4 

0 

1 

1 

0 

0 

2 

7 

0.845 

48 

40 

0 

0 

0 

1 

0 

1 

3 

0.477 

24 

11 

0 

1 

1 

0 

0 

2 

7 

0.845 

108 

91 

4 

4 

2 

3 

5 

18 

61 

1.785 

24 

42 

94 

74 

16 

57 

48 

289 

983 

2.993 

24 

71 

1 

0 

0 

0 

0 

1 

3 

0.477 

36 

17 

1 

1 

1 

0 

3 

6 

20 

1.301 

108 

140 

0 

1 

0 

1 

0 

2 

7 

0.845 

108 

91 

11 

21 

18 

9 

7 

66 

224 

2.350 

108 

253 

0 

1 

0 

6 

0 

1 

3 

0.477 

108 

51 

1 

1 

3 

0 

0 

5 

17 

1.230 

108 

132 

1 

2 

0 

2 

0 

5 

17 

1.230 

24 

29 

1 

0 

0 

0 

0 

1 

3 

0.477 

72 

34 

0 

1 

1 

0 

0 

2 

7 

0.845 

108 

91 

2 

0 

1 

0 

0 

3 

10 

1.000 

108 

108 

ANNELIDA  -  segmented  worms 
Lumbricidae 


24   1.380   108   149.06 


NEMATOMORPHA  - 

Gordian 

Gordius 

Totals 

Total  Taxa 

28 

CTOp 

50 

CTOa 

58.4 

CTQd 

54.8 

BCI 

91.19 

Diversity  Index 

2.74 

1      3   0.477   108    51.53 
2002  33.824  1636  1854.62 


Stream  gradient  (%  slope):  1.3  -  3.0 

Substrate  (composition):  rubble/boulder 

Sulfate  (mg/1  S04 ) :  <  149 

Total  Alkalinity  (mg/1  CaC03 ) :  <  199 


os  River  upstream  from  Willow  Creek;  San  Miguel  Co.,  New  Mexico 

Station  1 
ctober  1981 


COPTERA  -  stoneflies 

hinemura    banksii 

ronarcella    badia 

tus   aestivalis 

ailia 

Assenia    sabulosa 

joeroperla   pacifica 

CMEROPTERA    -    mayflies 
letus 

*~is    tricaudatus 
is    insignificans 
.hrogena 
>rus 

leiia   grand is 
tella   doddsi 
imerella    infrequens 

IHOPTERA    -    caddisflies 
wcophila   hyalinata 

'so  soma 
ropsyche   oslari 

ophlebodes 

hycentrus 

as  em  a 

l^ERA    -    true    flies 
icha   monticola 

coma 
illiidae 
itonomidae    D 
;:  otopus 
&ia 
flrix   pachypus 

LpPTERA    -    beetles 

ti  raphia 

iprlimnius    corpulentus 

t jIDA    -    segmented    worms 

d!>  'icidae 

rilOPODA    -    other    arthropods 
J'acarina   A    -■    mites 


Ql 

Q2 

Q3 

Q4 

Q5 

Total 

#/m2 

log  X 

TQ 

log  x*TQ 

1 

0 

0 

0 

1 

2 

7 

0.845 

6 

5.07 

2 

0 

0 

2 

1 

5 

17 

1  .230 

24 

29.53 

5 

0 

4 

2 

4 

15 

51 

1.708 

12 

20.49 

0 

0 

7 

2 

1 

10 

34 

1  .531 

24 

36.76 

5 

4 

1 

2 

2 

14 

48 

1.681 

6 

10.09 

2 

3 

0 

0 

0 

5 

17 

1  .230 

18 

22.15 

0 

2 

0 

0 

0 

2 

7 

0.845 

48 

40.56 

0 

1 

1 

3 

3 

8 

27 

1.431 

72 

103.06 

0 

0 

0 

1 

1 

2 

7 

0.845 

72 

60.85 

14 

9 

10 

8 

5 

46 

156 

2.193 

21 

46.06 

0 

0 

0 

0 

1 

1 

3 

0.477 

21 

10.02 

2 

5 

5 

5 

2 

19 

65 

1.813 

24 
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Stream  gradient  (%  slope):  1.3  -  3.0 

Substrate  (composition):  rubble/boulder 

Sulfate  (mg/1  S04 ) :  <  149 

Total  Alkalinity  (mg/1  CaC03 ) :  <  199 


Pecos  River  upstream  from  Willow  Creek;  San  Miguel  Co.,  New  Mexico 

Station  1 


24  Oct  19* 

Ql   Q2   Q3   Q4   Q5  Total  #/m2   log  x   TQ    log  x*^ 


PLECOPTERA  -  stoneflies 
Cult  us   aestivalis 
Suwallia 
Claassenia   sabulosa 

EPHEMEROPTERA  -  mayflies 
Baetis    tricaudatus 
Rhi throgena 
Epeorus 

Paraleptophlebia 
Drunella    grand is 
Drunella    doddsi 
Ephemerella    infrequens 

TRICHOPTERA  -  caddisf lies 

Rhyacophila    acropedes 

Rhyacophila    valuma 

Glossosoma 

Hydropsyche    oslari 

Arctopsyche   grand  is 

01 i gophl ebodes 

Brachycentrus 

Micrasema 

DIPTERA  -  true  flies 

Antocha   monticoia 

Pericoma 

Simuliidae 

Eukiefferieila 

Tvetenia 

Cricotopus 

Bezzia 

Atherix    pachypus 

COLEOPTERA  -  beetles 

Dubirapnia 

Heterlimnius    corpulentus 


ARTHROPODA  -  other  arthropods 
Hydracarina  A  -  mites  5 
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Diversity  Index 


Stream  gradient  (%  slope): 
Substrate  (composition): 
Sulfate  (mg/1  S04 ) : 
Total  Alkalinity  (mg/1  CaC03 ) : 


1.3  -  3.0 
rubble /boulder 

<  149 

<  199 


3.04 


